Accelerated atherosclerosis and the increased risk of thrombotic vascular events in diabetes may result from dyslipidemia, endothelial dysfunction, platelet hyperreactivity, an impaired fibrinolytic balance, and abnormal blood flow. There is also a correlation between hyperglycemia and cardiovascular (CV) events. The importance of platelets in the atherothrombotic process has led to investigation of using antiplatelet agents to reduce CV risk. A meta-analysis conducted by the Antiplatelet Trialists' Collaboration demonstrated that aspirin reduced the risk of ischemic vascular events as a secondary prevention strategy in numerous high-risk groups, including patients with diabetes. Based on results from placebo-controlled randomized trials, the American Diabetes Association recommends lowdose enteric-coated aspirin as a primary prevention strategy for people with diabetes at high risk for CV events. Clopidogrel is recommended if aspirin allergy is present. There is occasionally a need for an alternative to aspirin or for additive antiplatelet therapy. Aspirin in low doses inhibits thromboxane production by platelets but has little to no effect on other sites of platelet reactivity. Agents such as ticlopidine and clopidogrel inhibit ADP-induced platelet activation, whereas the platelet glycoprotein (Gp) IIb/IIIa complex receptor antagonists block activity at the fibrinogen binding site on the platelet. These agents appear to be useful in acute coronary syndromes (ACSs) in diabetic and nondiabetic patients. A combination of clopidogrel plus aspirin was more effective than placebo plus standard therapy (including aspirin) in reducing a composite CV outcome in patients with unstable angina and non-ST segment elevation myocardial infarction. In a meta-analysis of six trials in diabetic patients with ACSs, intravenous GpIIb-IIIa inhibitors reduced 30-day mortality when compared with control subjects. Results from controlled prospective clinical trials justify the use of enteric-coated low-dose aspirin (81-325 mg) as a primary or secondary prevention strategy in adult diabetic individuals (aged Ͼ30 years) at high risk for CV events. Recent studies support the use of clopidogrel in addition to standard therapy, as well as the use of GpIIb-IIIa inhibitors in ACS patients.
C ardiovascular disease (CVD) is the leading cause of disability and premature mortality in patients with diabetes (1). Diabetes increases the risk for coronary heart disease (CHD), stroke, and peripheral arterial disease (PAD) from twofold to fourfold (2,3). The increased risk is independent of and additive to other cardiovascular (CV) risk factors, such as hypertension, albuminuria, obesity, cigarette smoking, and dyslipidemia, relative to nondiabetic patients with these comorbidities (4,5). Type 2 diabetes is associated with insulin resistance and hyperinsulinemia and is often part of a metabolic syndrome called "Syndrome X," which comprises hypertension, dyslipidemia, decreased fibrinolysis, and increased procoagulation factors (6). This metabolic syndrome may also be seen in obese insulin-resistant individuals who do not yet have overt diabetes (7, 8) .
In addition to heightened risk for CVD, patients with diabetes have a poorer prognosis than nondiabetic patients when they experience a major ischemic vascular event. Diabetic patients who suffer an acute myocardial infarction (MI) have a more complicated hospital course and a higher incidence of recurrent vascular events than nondiabetic patients (9,10). For example, the 7-year incidence of recurrent MI in a large populationbased study was 45% in diabetic patients versus 19% in nondiabetic patients (11) . Moreover, the prognosis for diabetic patients who undergo coronary revascularization procedures is worse than that for nondiabetic subjects; patients with diabetes experience more postprocedural complications and have decreased infarct-free survival (12, 13) . PAD is present in 8% of patients at the time of diabetes diagnosis but in 45% of patients who have had diabetes for 20 years (14) . The presence of symptomatic PAD is a marker for systemic atherosclerotic disease, including ischemic coronary and cerebrovascular events (8, 15) .
Both atherosclerosis and thrombosis appear to contribute significantly to the increased CV risk of diabetic patients (7). The majority of ischemic coronary and cerebrovascular events are precipitated by vessel occlusion caused by atherosclerotic plaque disruption, platelet aggregation, platelet adhesion, and resulting intravascular thrombosis. Several systems that maintain the integrity and patency of the vasculature are impaired in diabetes, including platelet and endothelial function, coagulation, and fibrinolysis (16, 17) . Thus, the balance in normal hemostasis is shifted to favor thrombosis, increasing CV risk. This review focuses on the role of platelets in promoting thrombosis and explores how antiplatelet therapies can reduce the risk of ischemic events in diabetic patients.
PLATELET ACTIVATION AND THE ATHEROTHROMBOTIC EVENT -Platelet activation is initiated by the binding of thrombogenic substances, such as collagen, thrombin, or components of atheromatous plaque, to receptors located on the platelet surface. Receptor binding triggers a series of events that include hydrolysis of membrane phospholipids, mobilization of intracellular calcium, and phosphorylation of important intracellular proteins (18) . Notably, arachidonic acid is released from membrane phospholipids and is converted into thromboxane A 2 (TXA 2 ), which produces vasoconstriction and further augments the platelet activation process.
Calcium release and phosphorylation are critical for regulating the secretion of ADP and several proteins-including von Willebrand factor (vWF), fibronectin, plasminogen activator inhibitor 1, thrombospondin, platelet-derived growth factor, ␤-thromboglobulin, and platelet factor 4 -from platelet granules. ADP, in turn, binds to platelet purinergic receptors and triggers a conformational change in glycoproteins IIb and IIIa on the platelet surface (19) . This causes platelets to form a functional heterodimeric platelet glycoprotein (Gp) IIb-IIIa receptor complex that binds to fibrinogen and links adjacent platelets as part of the platelet aggregation process.
Prostacyclin and nitric oxide (NO), produced by normal endothelium, inhibit platelet activation and relax vascular smooth muscle to promote normal blood flow. People with diabetes have reduced release of prostacyclin and NO (20) . At sites of tissue injury, platelets adhere to the subendothelium (21) . In regions of low blood flow, subendothelial collagen fibrils bind to the platelet collagen GpIaIIa receptor. This interaction is stabilized in regions of higher blood flow by vWF, which links the collagen fibril to the platelet GpIb-IX receptor. These endotheliumplatelet interactions are resistant to the shear stress imposed by blood flow and enable the platelet to remain attached to the vascular surface at the tissue injury site. Furthermore, these interactions cause activated platelets to degranulate and release ADP and TXA 2 . Once released, ADP and TXA 2 bind to other specific receptors, and those functions amplify the platelet aggregation process. In patients with diabetes, platelet function is altered in several ways, including an increased release of TXA 2 (22) , accelerated platelet turnover (23, 24) , and an increase in platelet aggregation (25) . Platelet activation and aggregation can be interrupted at several of the steps detailed above (21) .
The formation of a platelet thrombus is accompanied by activation of the plasma coagulation cascade, leading to production of thrombin. Thrombin stimulates platelet aggregation, but more importantly, it mediates the conversion of fibrinogen into fibrin, which polymerizes into an insoluble cross-linked gel that forms the matrix for the thrombus, resulting in a stable clot. (The processes of platelet activation, secretion, and aggregation leading to intravascular thrombus formation occur as a result of atherosclerotic plaque rupture.)
After plaque rupture, blood from the lumen of the vessel comes into contact with the lipid-rich core of the plaque, where it interacts with the highly prothrombotic substances collagen and tissue factor (26) . Thrombus formation leads to vessel obstruction. The thrombus may expand and result in total vessel occlusion, depending on the balance between factors that promote and those that oppose thrombosis. Factors that enhance thrombus progression include large plaque ruptures, lipid extrusion from the core, high-grade stenosis, low blood flow, high levels of fibrinogen, high levels of plasminogen activator inhibitor 1 (the major inhibitor of factors that promote fibrinolysis, such as tissue plasminogen activator), and reactive platelets. Factors that limit thrombus progression include high local blood flow, small and rapidly healing plaque ruptures, and high levels of fibrinolysis.
ALTERED PLATELET FUNCTIONS IN DIABETES -
Diabetic thrombocytopathy refers to differences in platelet function between diabetic and nondiabetic individuals. Among diabetic individuals, increased platelet aggregability and adhesiveness (16, 22, (27) (28) (29) (30) (31) (32) (33) Platelets from patients with type 1 and type 2 diabetes exhibit enhanced platelet aggregation activity early in the disease course that may precede the development of CVD (22, 25, 34) . Numerous biochemical abnormalities have been found that correlate with platelet hyperreactivity. Platelets from diabetic patients exhibit reduced membrane fluidity, which may reflect changes in the lipid composition of the membrane or glycation of membrane proteins (16) . Arachidonic acid metabolism is increased in platelets from diabetic patients; this leads to enhanced TXA 2 production and may contribute to increased platelet sensitivity (22, 27 ).
An increase in calcium mobilization from intracellular storage pools, resulting in increased intracellular calcium levels, has been correlated with the reduction in membrane fluidity (28) . In addition to alterations in platelet calcium homeostasis, intracellular magnesium concentrations are reduced, consistent with an increase in platelet hyperaggregability and adhesiveness (35) . Magnesium supplementation can reduce these abnormal platelet functions in people with diabetes (35) .
Platelets from diabetic subjects produce less NO and prostacyclin, which normally inhibit platelet-endothelium interactions and promote endotheliummediated vasodilation. The concentration of NO synthase in platelets from patients with type 1 and type 2 diabetes is less than half that measured in platelets from nondiabetic individuals (29) ; however, insulin will stimulate NO synthesis in platelets (30) . Moreover, platelets from diabetic subjects contain reduced antioxidant levels, which tend to be associated with increased aggregability and low platelet vitamin C levels (31) . Platelet dysfunction
The platelet in diabetes can be reversed by the addition of vitamin E (36 -38) .
Patients with type 1 and type 2 diabetes have increased populations of platelets that express activation-dependent adhesion molecules, such as activated GpIIbIIIa, lysosomal Gp53, thrombospondin, and P-selectin (32) . The increased expression of GpIIb-IIIa is consistent with the enhanced fibrinogen binding and aggregability seen in platelets from diabetic subjects (33) . Further, serum fibrinogen levels are also elevated in many patients with type 1 or type 2 diabetes. In addition to reflecting increased aggregability, the enhanced surface expression of these adhesion molecules suggests that platelets can also communicate with leukocytes and possibly play a role in inflammationmediated tissue damage in the vasculature. Finally, platelets may interact with plasma constituents, such as glycosylated LDLs, immune complexes, or vWF, to increase platelet aggregability or adhesion (16, 17) .
Although antiplatelet agents, including aspirin and clopidogrel, irreversibly inactivate platelet function (39) for the 7-to 10-day average life span of the platelet in normal subjects, diabetic patients with vascular disease may have a greater rate of platelet turnover.
ASPIRIN AS A PRIMARY PREVENTION STRATEGY IN
DIABETES -Based on collaborative trial data, the American Diabetes Association (ADA) recommends that entericcoated aspirin be used as a primary prevention strategy in patients with diabetes who are classified as being at high risk for CV events on the basis of the following risk factors (39 -40):
• Family history of CHD • Cigarette smoking • Hypertension • Weight Ͼ120% of ideal body weight
• Microalbuminuria or macroalbuminuria • Total cholesterol Ͼ200 mg/dl (LDL cholesterol Ͼ100, HDL cholesterol Ͻ55 in women and Ͻ45 in men, and triglycerides Ͼ200)
This body of evidence is further supported by the results of the recently completed Primary Prevention Project in which low-dose aspirin (100 mg/day) was evaluated for the prevention of CV events in individuals with one or more of the following: hypertension, hypercholesterolemia, diabetes, obesity, family history of premature MI, or being elderly (n ϭ 4,495). After a mean follow-up of 3.6 years, aspirin was found to significantly lower the frequency of CV death (from 1. 4 (41) .
In addition to the Primary Prevention Project, there are three pertinent largescale trials: the U.S. Physicians' Health Study (USPHS) (42) , the Early Treatment of Diabetic Retinopathy Study (ETDRS) (43) , and the Hypertension Optimal Treatment (HOT) study (44) (Table 1) . The USPHS was a 5-year primary prevention trial in 22,701 healthy men that included 533 men with diabetes. Among diabetic men, 4.0% of those treated with 325 mg aspirin every other day had an MI versus 10.1% of those who received placebo (RR 0.39). In the ETDRS, although aspirin did not prevent progression of retinopathy, it did produce a significant reduction in risk for MI (28%) over 5 years (P ϭ 0.038) without an excess of retinal or vitreous hemorrhage. This study may be viewed as a mixed primary and secondary prevention trial because 6% of those enrolled had a history of MI and Ͻ50% had elevated blood pressure or a history of CVD.
The HOT trial studied antihypertensive treatment in 18,790 hypertensive individuals, 1,501 of whom had diabetes (44) . Subjects were randomized to either low-dose aspirin (75 mg/day) or placebo therapy. Less than 10% of the participants had clinical evidence for previous MI, stroke, or other CHD. The aspirin study, therefore, may be viewed as a primary prevention trial in high-risk individuals. Aspirin therapy resulted in an additional 15% reduction in the risk for CV events over that seen with antihypertensive therapy (P ϭ 0.03). Fatal bleeding, including cerebral, was equally common in the aspirin and placebo groups, whereas nonfatal bleeding was more common with aspirin therapy. Thus, the USPHS, the ETDRS, and the HOT trial support the ADA's position that low-dose aspirin therapy is indicated in diabetic individuals who are at high risk for CV events.
Aspirin dosage in the primary prevention strategy The ADA recommends that a dosage of 81-325 mg of enteric-coated aspirin be used as a preventive strategy in high-risk diabetic individuals. The American Heart Association has recently issued similar guidelines (45) . The American Heart Association recommends 75-160 mg/day of aspirin as a primary prevention strategy in high-risk individuals, defined as those with a 10-year risk of CHD Ն10%. A similar view has been put forth by the U.S. Preventive Services Task Force (46) .
ASPIRIN AS A SECONDARY PREVENTION STRATEGY IN DIABETES -
The ADA recommends the use of aspirin (81-325 mg/day) as a secondary prevention measure in diabetic patients with large vessel disease (history of MI, vascular bypass procedure, stroke or transient ischemic attack, peripheral vascular disease, claudication, and/or angina) (40) . Two large meta-analyses of major secondary prevention trials by the Antithrombotic Trialists' Collaboration The ATC meta-analysis of 287 secondary prevention trials involved 212,000 high-risk patients who had acute or previous vascular disease or another condition that increased the risk of vascular occlusion (48) . Aspirin was the most frequently used agent, with doses ranging from 75 to 325 mg/day. A low dose of aspirin (75-150 mg/day) was found to be at least as effective as higher daily doses, although it was noted that an initial higher loading dose of at least 150 mg might be needed in acute settings. In the main high-risk groups-acute MI, past history of MI, past history of stroke or transient ischemic attack, acute stroke, and other relevant history of vascular disease-antiplatelet therapy significantly reduced the incidence of vascular events by 23%. In an earlier meta-analysis, the ATC reported that vascular event reductions remained significant in subgroup analyses of middle-and older-aged, male and female, hypertensive and nonhypertensive, and diabetic and nondiabetic patients (47) . Low doses of aspirin were as effective as high doses, but bleeding complications were reduced at the lower dosage levels (47) .
In the Ͼ4,500 patients with diabetes studied in the ATC, the incidence of vascular events was reduced from 23.5% with control treatment to 19.3% with antiplatelet therapy (P Ͻ 0.01) (47) . By comparison, the lower incidence of vascular events among nearly 42,000 nondiabetic patients was reduced from 17.2 to 13.7% with antiplatelet therapy (P Ͻ 0.00001). Although the overall incidence of vascular events is much higher in patients with diabetes (consistent with their higher risk), the benefit of antiplatelet therapy in diabetic and nondiabetic patients was comparable: 42 vascular events were prevented for every 1,000 diabetic patients and 35 events for every 1,000 nondiabetic patients.
Aspirin irreversibly inhibits the cyclooxygenase pathway of arachidonic acid metabolism; it blocks platelet thromboxane synthesis, resulting in inhibition of platelet aggregation (19, 22, 39) (Fig. 1.) . However, aspirin has a paradoxical effect-particularly at doses Ͼ325 mg/ day-because it also inhibits prostacyclin synthesis by endothelial cells and platelets, which might be expected to favor thrombus formation. For this reason, low-dose aspirin is favored for cardioprotection. This may be important in patients with diabetes, whose levels of prostacyclin are already reduced. Further, during treatment with low-dose aspirin, platelets from diabetic patients released greater amounts of TXA 2 than platelets from nondiabetic individuals (24) . The physiological importance of this is unknown, and many prospective clinical trials support the use of aspirin in people with diabetes (14, 24, 39, (41) (42) (43) (44) (45) (46) (47) (48) .
An important consideration affecting the use of aspirin in patients with diabetes is the interaction of aspirin with ACE inhibitors. In the wake of the Heart Outcomes Prevention Evaluation (HOPE) study, ACE inhibitors are emerging as a standard of care for many patients with atherosclerosis and diabetes. In the 3,577 patients with diabetes in the HOPE study, treatment with ramipril (10 mg/day) lowered the risk of MI, stroke, or CV death by 25% (P ϭ 0.0004)-an effect that persisted after adjustments were made for changes in systolic and diastolic blood pressures (49) . By blocking prostaglandin synthesis, aspirin has been hypothesized to blunt the bradykinin-related vasodilatory effects of ACE inhibitors (50) . Clinical data on the interaction of aspirin with ACE inhibitors have been mixed; retrospective analyses of two large heart failure trials suggested that aspirin blunted the benefit achieved with ACE inhibitor treatment (50) . On the other hand, in a retrospective analysis of 11,575 patients with coronary artery disease in the Bezafibrate Infarction Prevention Trial, patients who were treated with 250 mg/day aspirin and ACE inhibitor therapy had a lower mortality rate than those who were not treated with aspirin (51) . To date, all these analyses are observational. Prospective randomized trials are needed for definitive evidence. The current consensus is that low doses of aspirin can safely be used along with ACE inhibitors in patients with CHD, even in the presence of coronary heart failure.
ADP receptor antagonists
Ticlopidine and clopidogrel are thienopyridine antiplatelet agents that inhibit the binding of ADP to the platelet type 2 purinergic receptor (Fig. 1) , an effect that lasts for the lifetime of the platelet (7-10 days). By blocking the purinergic receptor, these agents prevent the activation of the GpIIb-IIIa receptor and the subsequent binding of fibrinogen. Clopidogrel and ticlopidine inhibit ADP-induced platelet aggregation and amplification of aggregation induced by other agonists. The mechanism of action of clopidogrel and ticlopidine differs from that of aspirin.
Ticlopidine was evaluated for its effects on microvascular disease in diabetic patients in the Ticlopidine in Microangiopathy of Diabetes study (52) . A total of 435 patients with nonproliferative diabetic retinopathy were randomized to receive ticlopidine, 250 mg b.i.d., or placebo and were followed for up to 3 years. Ticlopidine significantly reduced annual microaneurysm progression by 67% based on fluorescein angiograms (P ϭ 0.03), and among insulin-treated diabetic patients, it reduced annual microaneurysm progression by 85% (P ϭ 0.03). Moreover, the insulin-treated diabetic patients had a trend for developing fewer new vessels. Overall progression of (19) .
retinopathy was significantly less severe with ticlopidine (P ϭ 0.04). This study supports the postulate that platelets are involved in the pathogenesis of microvascular disease in patients with diabetes. It was not designed to evaluate the effect of ticlopidine on CV events. A similar study with aspirin in diabetic individuals, the ETDRS, showed no effect on progression of retinopathy (43) .
The Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events (CAP-RIE) trial examined the effects of 75 mg clopidogrel once daily versus 325 mg aspirin once daily in a large secondary prevention population consisting of 19,185 patients with recent ischemic stroke, recent MI, or established PAD. Approximately 20% of these patients were known to have diabetes. More than 6,300 patients in each subgroup were randomized to receive 75 mg clopidogrel once daily or 325 mg aspirin once daily (53) . The primary end point was the combined incidence of ischemic stroke, MI, or vascular death. Patients were followed up for a mean of 1.9 years. The annual incidence of the primary end point was 5.32% with clopidogrel and 5.83% with aspirin, representing an 8.7% RR reduction with clopidogrel above aspirin (P ϭ 0.043) (Fig.  2A) . Clopidogrel was more effective than aspirin in preventing fatal and nonfatal MI (incidence: 5.2 vs. 7.6%; risk reduction: 19.2%; P ϭ 0.008) (54, 55) . Clopidogrel provided an RR reduction of 5.2% for stroke and 7.6% for vascular death.
In a recent report, Bhatt et al. (56) retrospectively analyzed results in the diabetic subgroup in the CAPRIE study. Of 1,914 diabetic patients randomized to clopidogrel, 15.6% had the composite vascular primary end point versus 17.7% of 1,952 diabetic patients randomized to aspirin therapy (P ϭ 0.042). Thus, clopidogrel appears to be an effective antiplatelet agent for secondary prevention in diabetic subjects, whereas aspirin is more cost-effective (57) .
The Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) study examined CV outcomes with clopidogrel plus aspirin versus aspirin alone in patients with acute ischemic heart disease (58). In the CURE study, 12,562 patients with unstable angina or nonϪQ-wave MI who were being treated with aspirin, ␤-blockers, and other conventional therapies were randomized to receive either clopidogrel (300 mg loading dose and 75 mg thereafter) or placebo in addition to aspirin for up to 1 year.
After the mean follow-up period of 9 months, patients on clopidogrel and aspirin experienced a significant 20% reduction in the first primary outcome, a composite of CV death, nonfatal MI, or stroke, compared with patients receiving aspirin and placebo (RR 0.80; 95% CI 0.72-0.90; P Ͻ 0.001) (58) (Fig. 2B ). An analysis of subgroups showed consistency of effect on the primary outcome in patients with diabetes or those with no diabetes. The trend favoring the addition of clopidogrel was consistent across all subgroups analyzed and was incremental to the standard therapy, including GpIIbIIIa inhibitors. The second primary outcome consisting of the first primary outcome or refractory ischemia was also significantly reduced (RR 0.84; P Ͻ 0.001) (58) . Significantly more patients in the clopidogrel and aspirin group had major bleeding (3.7 vs. 2.7%), but there was no increase in life-threatening bleeds.
Based in part on the CURE data, the American College of Cardiology and the American Heart Association (ACC/AHA) task force on practice guidelines recently issued an updated version of their guide- 
primary end-point events in the CAPRIE (A) and CURE (B) studies. The primary end point in CAPRIE was the combined incidence of ischemic stroke, MI, or vascular death; CAPRIE included patients with more severe macrovascular disease (recent stroke or MI or symptomatic PAD). The CURE study included patients with unstable angina and nonϪQ-wave MI and who had a primary first outcome of CV death, nonfatal MI, or stroke. Modified with permission from CAPRIE (53) and CURE (58).
lines for the management of unstable angina and non-Q-wave MI and the prevention of secondary CV events (59) . Because clopidogrel is now recognized as efficacious in both the early phase and during long-term treatment of unstable angina and non-Q-wave MI, the guidelines recommend promptly adding clopidogrel to aspirin in patients presenting with unstable angina and nonϪQ-wave MI. The guidelines recommend that clopidogrel be administered to patients who are hypersensitive or intolerant to aspirin. Further, clopidogrel should be used both in patients being treated with medical therapy or percutaneous coronary intervention for up to 9 months (59) .
Although there were instances of major bleeds beyond 30 days, no cases of life-threatening bleeds were reported. Thus, the data suggest that the benefits of taking clopidogrel plus aspirin for up to 9 months outweigh the risks (58) . However, in patients taking clopidogrel in whom coronary artery bypass graft is planned, the drug should be withheld for at least 5 days and preferably for 7 days.
GP IIb-IIIa receptor antagonists
Recent data from a meta-analysis of six trials of intravenous GpIIb-IIIa inhibitors in acute coronary syndrome (ACS) patients with diabetes have reinforced the concept that treatment targeting the platelet can play a major role in reducing CV events in diabetic individuals (60, 61) . These inhibitors act at the fibrinogen binding site (Fig. 1) . The meta-analysis included 6,458 diabetic patients in the following trials: Platelet Receptor Inhibition for Ischemic Syndrome Management (PRISM), Platelet Receptor Inhibition for Ischemic Syndrome Management in Patients Limited by Unstable Signs and Symptoms (PRISM-PLUS), Platelet IIb/IIIa Antagonist for Reduction of Acute Coronary Events in a Global Organization Network (PARAGON) A and B, Platelet IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT), and Global Utilization of Streptokinase and Tissue-Plasminogen Activator for Occluded Arteries (GUSTO) IV. GpIIb-IIIa blockers significantly reduced mortality at 30 days from 6.2 to 4.6% (P ϭ 0.007) in the diabetic patients. Among the more than 22,000 patients in these trials who did not have diabetes, GpIIb-IIIa inhibitors did not improve survival. The effect of GpIIb-IIIa inhibitors in diabetic individuals was even greater in the 1,279 patients who underwent percutaneous coronary intervention during the index hospitalization; in these individuals, GpIIb-IIIa inhibitors reduced 30-day mortality from 4 to 1.2% (P ϭ 0.002). The large number of patients and events (339 deaths) in this meta-analysis provide strong evidence in support of the concept of platelet inhibition for diabetic patients with ACS.
SAFETY OF ANTIPLATELET DRUGS -Aspirin, like other nonsteroidal anti-inflammatory drugs, has the potential to cause gastrointestinal adverse effects, such as gastric mucosal injury or bleeding. These effects are dose related and may be minimized with entericcoated low-dose aspirin. However, gastrointestinal toxicity may occur even at low doses of aspirin (51). Although quite rare, the adverse effect of most concern is intracerebral hemorrhage. It is important to recognize that there is no increase in the risk for retinal or vitreous bleeding with aspirin therapy (43) . Additionally, if blood pressure is controlled in hypertensive patients, there is no increased risk of intracerebral bleeding (44) .
A limitation to the use of ticlopidine is its potential to cause bone marrow suppression. Severe neutropenia and/or agranulocytosis have been observed in ϳ1% of 2,048 stroke patients in clinical trials (62) . In the Ticlopidine Aspirin Stroke Study (TASS), 2.4% of patients receiving ticlopidine had neutropenia (absolute neutrophil count Ͻ1,200 cells/ mm 2 ) and 0.9% had severe neutropenia (absolute neutrophil count Ͻ450 cells/ mm 2 ). Thrombotic thrombocytopenic purpura (TTP) has also been reported and may be fatal if untreated. During clinical trials of ticlopidine, one case was reported, but based on postmarketing data, U.S. physicians reported ϳ100 cases between 1992 and 1997. The estimated incidence of ticlopidine-associated TTP may be as high as one case in every 2,000 -4,000 patients exposed. This result necessitates hematological monitoring for the first 3 months of treatment with ticlopidine (61).
Clopidogrel did not produce bone marrow toxicity in either tissue cultures or animal models during preclinical studies. The incidence of neutropenia with clopidogrel in the CAPRIE trial (0.10%) was comparable to that associated with aspirin (0.17%) (53) . Additionally, there was no difference between aspirin and clopidogrel in the incidence of thrombocytopenia (53) . Among the many millions of individuals worldwide who have received clopidogrel, there have been 11 cases of possible TTP (62) . Reportedly, however, clopidogrel was implicated as a causative factor in only 5 of the 11 cases (63) . In these patients, TTP occurred within the first 2 weeks of therapy. Of the 11 patients, 10 recovered after receiving plasma exchange. This rate is essentially the same as the background rate in the population at large. Physicians should be aware of the possibility of this syndrome during the first 2 weeks after initiation of clopidogrel therapy. However, blood monitoring is not required.
In the CURE study, clopidogrel plus aspirin had a greater incidence of major bleeding than aspirin alone (3.7 vs. 2.7%; RR 1.38; P ϭ 0.001) (58) . Bleeding was most common at puncture sites and in the gastrointestinal system (64) . There was no increase in fatal hemorrhages or intracranial hemorrhages.
In the meta-analysis of GpIIb-IIIa studies (48) , there was an absolute excess of 23 major extracranial bleeding episodes per 1,000 patients treated. Fatal bleeding was rare. Intracranial hemorrhages were few in number (GpIIb-IIIa plus aspirin, 0.2% vs. aspirin alone, 0.
1% [NS]).
CONCLUSIONS AND CLINICAL RECOMMENDATIONS -Macrovascular complications are the leading causes of death in patients with diabetes and are responsible for a significant amount of morbidity in this population. Moreover, patients with diabetes and established atherosclerotic disease are at especially high risk for additional ischemic vascular events, including MI, stroke, and vascular death. Diabetes and prediabetic conditions are associated with platelet and coagulation derangements. Because platelet aggregation plays an integral role in thrombus formation, treatment strategies have focused on using antiplatelet agents to prevent subsequent ischemic events. The efficacy of aspirin relative to placebo as a secondary prevention strategy was established by a meta-analysis of clinical trials in the ATC that included a subgroup analysis of diabetic patients. Three primary prevention trials have sup-
The platelet in diabetes ported the use of aspirin as a primary prevention strategy in patients with diabetes who are at high risk for CV events. The ADP-receptor blocker clopidogrel has been shown to produce additional risk reduction relative to aspirin in two secondary prevention trials (CAPRIE and CURE).
Clinical practice recommendations from the ADA indicate that a secondary prevention strategy including antiplatelet agents should be adopted for patients with diabetes and evidence of macrovascular disease (40) . This includes patients with a history of MI, vascular bypass procedure, stroke or transient ischemic attack, peripheral vascular disease, claudication, or angina. In addition, low-dose (81-325 mg/day) enteric-coated aspirin therapy is recommended by the ADA as a primary prevention strategy for people with diabetes who are at high risk for CV events (40 
